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m$im2<D:^ i/y h ^^-mmtN^^ry:^jiMO s h^yi^:^^f3^^m^'^ 

4y(D^:^mf)^^B\^iii^nx\^^^m^m.i7b^6(DiF!M^imz.mm.(Dmw!m 

m^m 9 ] mmm i<Ditjiyyh^^-mmt. 
mmmm ts^ t ^ !^(Dmmm^A:h^^ t . 

mmmmmmAt!^^ t mmmm^'f- i: © (c tg e> ti. tHitimm^W:^^^ 
mtmmti^^f)-^ mm ^nr^^^mmm^ ^yt mtmm(D mti^^ t ® mizm. 

[if*:^io] mmm2(Dijvyh^'^-mm%. 
Saiam i(Dij\/yv^'7-mmz^i^n^'mz m^ts^ ^ <d ^i^ttnmom^^^ 
mLx^±ir^mmm.m,^ti^^^mxk. m'^T3.^\zmm(Dmmm^o 
[11^:^1 1] mm'mi(Dii\yyv^^-mmz^i^n^mim^. 1^2 

llIS!&J5:£>'l|3ia!i^liN PN h ^ > t;^^:^ ^ tl, 

tffiaii 2 ® ;fj i/> h ^ ^ -ms&tt p N p h ^ > t;;^ ^ ts^^m^-^hx v>-g>»^ 
3^1 otciH«(Z)i^i&lil8&o 

[ff^JSi 2] B^rlH^lllIl^^t^*st^ta^2®;^l^>' H^^-iiiii^®^i'^>S;< 
i:*)l•s)^c/^->^.«s^£li^tllIii^$:^iATv^-5, w^^ki 1 {cia«®igi&iiis&o 
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trffBll2(D:^ uy h^^-mmtP^^y:^)iMo s h'^yvy^iiti^^m^-^ 
mm^o 
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So 

[0 0 0 3] 

:fyUy v-mS&li, ^iS[(Z)PNP h^>t;x^T r O-T r n;b^e)«^$ 

0 fj^mmmizmmiz-^j5:\,^^miizmWi-^n. pn p h^>s;x^T r n:«)^%a 

6^ iC A^ e> - #3S V ^ {C see $ 4X T V ^ S % ® i: -g> . 
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[0 0 0 4] 

^>i/'^i$fT r 0(D^-^itziui7 itizmm^n. K^^^^^^ti 

TV^S„ 

[0 0 0 5] 

m,ilVS^mL\>^m^^. PNP h^>e;^^T r 1~T r n®3 l/:?^{C§Sb, m 

^(^IS^mi5T: R ^TM^ T $ tl T V A -5 o 
[0 0 0 6] 

zco^^PStjs^^m^Rtcj: PNP h^>>:;x^?Tr oc^ni/^'^icsg-r 

(IC) hUT^fi^SnSo 

[0 0 0 7] 

LEDj $:@B^?JbT?^fig$4xfeLEDT-Vxyi/-f/^^;i/^*#>fb'^i^ 
(^>xi/^ hn;i/^ mT> ""elj ilv^e>) Ja^&faMt-<2>#ISC(^)^ 

a 

[0 0 0 8] 

iM(©i^i&iHi]^ (ic) v^mmmmmmi^mm-t^:iiiti^ 
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[0 0 0 9] 

^mmmmcmif ^nr=.mmm^m^m.mR (Dm.mm ^ mm Lxmmmm ^ 

[0 0 10] 
[0011] 

^z:x% :r.(D^omm^Mm-t^r=.i^iz. #^2 o o 0-2 9 3 24 5#^# 

{C, (D ^SSfE K ^ -f A I C *^^M $ tl -5 o 

[0 0 12] 

mmz^^Xytyx\tyi-yizmn^t\>^o 

[0 0 13] 
[0014] 
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[0 0.1 5] 

mit(DxuiS)^iz^<fjt^. ^<Dm^. nmt^'?-(^iS:<izmm^tir=.h^yvy^^ 

xmm^n^^ybm^<Dmmi::mmtiis^^-^ibm^^nmizmm^nr^h^yv7s^ 

[0 0 16] 

m^m^^mm-t^m^^m^^t. ^mmmma^mtimmit. mn (b) ® 

7 (B) ©AJC^f J:e){C, 1 o®i^|*tmS5&®^i|5iW®ffi:d5g^*^^(©ffi:da??fg 

I^^^^- (Z) fc ^ {-j- S Jli^H ^ 1^ {C ^ ti T MK 7&^^ L < iST -5 o 
[001 7 ] 

[0 0 1 8] 

mzit. )^mmm^-fy<Dm^±<i^r:L*j. mm(Dnm^^^mi^^sMi)'^:^^ 
o i^uy h^'y-m^<Dmmnm(^^s^v^^>b^<-t^r=.is^izit. hu 
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[0 0 19] 

o 

[0 0 2 0] 
[0 0 2 1] 

tcPkmmm'^-fytimmmmcDmij^^iKDmiznif^n. mmm im^xm^ 

miMm2(D:^uyh^^.-mmt. mti^ uy h ^ ^-mmiz^^n^m 
3m^i}^^<Dmi:3mm(Dm^^^mLxm:b-r^mmmmmt!^^^m^^^o 

[0 0 2 2] 

^vM^i^mzit. :i(Dmmm^^. mmmi(D^uy h ^^-mmz^^n^ 
mimm. m2m^jkxfm3mmitPNP h'yyi:^:^^ti^^mmL. mmm2<D 

itjuy h^^-mmitNPN h^yt^7.^ti^^m^-t^:nti!f^x^^. z.(Dm^ 
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[0 0 2 3] 

2<D:fyUyh^ ^-mmtN^^y:^JVMO S h ^ > ^ *^ ^^^f -5 3 ^ 
[0 0 2 4] 

[0 0 2 5] 

, ^^y]^izmm^n^mmt^^ii. mmmm^^A±i^^iimmmi&^^t<D 
t^m:^. mmf^2(D:fyuyh^^-mm\t. mmmi<Dijiyyhs.^-mmz 

[0 0 2 6] 

^ ^} M^i^mizit. zi^igi&iiiii^^, mmm \yyh 5.^ -mmz^tn^ 

mi mm. m2mmRx:^m3mmtNPN h^yv^^tt^^mmi^. mmm2(D 

> mmmimmMmmm2(D:^uyh^^'-mm(D<}.^^jt<ii^i ^iz^-:^m 

[0 0 2 7] 
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[0 0 2 8] 

[0 0 2 9] 
[0 0 3 0] 

[5gW(Z)llig©?^fil] 

[0 0 3 1 ] 

immcDmm i ) 

S ffi L M ® ;!j U h ^ ^ -• tlIS& ^ A -r - ^ h ^ > S;^^ X ^ T L <3D T' S 

o 

[0 0 3 2] 
[0 0 3 3] 

N^^- 1 Ott, nmt^^l 1, Sm«^A:^jSgdr- 1 2S.tKffi;^J 
^^Ol-On (nit2i;X±<Dmm) ^fix.TVN^. ^©11 1 l/> h ^ ^- 

niii&i oit. mmmmA:h^^i 2(c#fc*&$ti-5A;^j«^rLir^fic/^r>D7^m:fj« 
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[0 0 3 4] 

m2(D:^iyy h^^-lllg&2 0 It. f$ 1 (Dij Vy h ^^-mm 1 Ois^ib(D^i] 

^ ^ - iai?& 2 0 c tig^^sg^^ 1 4 75)^lgi-t e> tlT V^ -5 o 

[0 0 3 5] 

TV^S„ PNP h^>>:;::^a?T r 0 1 HIS^lcM^S L,. ^iS[<^)PNP 

h^>t;?;^^T r I'-T r nl±3^^^(Z)^i5C(7)||2IlIie&lcMiSL/. PNP 

[0 0 3 6] 

;^^T r O'-T r n+ 1 tt, ^fSfilltC® 2 {C^-^^M, o*U, PNPh^^S; 
X^T r 0 7t)'5MS5fC«^lC— #jfiVA-65:«tciH«$tl, PN P h^>y;^^T r 

[0 0 3 7] 

«|g!t(©PNP h^>t;x^T r O—T r n+ 1 CD MS {Cg?M$ 
tlTV^^o ^C^||l®;^jl/> h^^-Si^l 0(Z)^|g(DPNP h^>i/'X^Tr 
[0 0 3 8] 

SJfi^lS® N^>i?X^T r n + 1 ©a b ^ ^ ttH 2 (Z);*7 1/ > h ^ ^-|1I!^2 0 
^C^M^4^TV^S„ cf^r^CDPN P b^>i;;^^T r l—T r n(Z)n l/^^^ii, ffl 
;tjaSg^ O 1 ~ O n IC -e 4x ^tlg^l^ $ ti T V ^ -5 „ 
[0 0 3 9] 

||2(^:;!jly:/ h^^-llli^2 Ott, NPNS^>e/'^^TrahNPNh^> 
i;^';:^^ T r b i:;b^e)^^^tlTVNSo N P N h ^ > i^X ^ T r a 1/ 
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^^izmm-^n. mil ^V^- K^-^:*'^?^$4^Tv^-5o ^<7)N PN 

T r a(D3i^^y^tig^;%5JS^l 4^Cg^^$tlTV^So t-tcL. NPNN^^i^X^ 

T r b(Z)/<->?.liN FN h^>$;^^T r a®/<-::^(C, U 1/ ^ ^ l±*^«Sgaj 

[0 0 4 0] 

ZICDN FN T r blCtt, N F N N ^ > ^ T r aillSl^C:^^ 

$«)«gS*^SStlSo r®^-^. N FN h^>2;;^^T r b lCtjl^tlS«?]^(Z):&r&Itt 
, NPN h^yt^:^^T r alzmn^m^(D:^\^tmi^-V^^o tJ^oT. NFN 

[0 04 1] 

[0 0 4 2] 

(Dmmm^i-^cDmiijxyyv^'y-m^i oic#*ti'5*!jm<z)FNF v^yv 

m^i&m,Roym%:m:^miH-t^^t.iz^v. m i(Dmmm^ i ^(Dini^m^o i 
'-^onti'^mm(Di^^-^(Dm:bmm^m^^}:Lti^x^^o 

[0 0 4 3] 

iki^m^ti. mmm<DmN<Dmmmmi^<Dmmn^tii±!t^^i 4itMmmx& 

So 

[0 04 4] 

&.±(D^^izm0^^n^&m^Lmmmm:izi3^^xit. m^-^tm K^mmm^i 
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^1 2;;b^e)ftfc^ffi$tlSmSS(Z)::^#^i:mi7ag^O l*^e>«:^m$4^S«SS(D:*c 
4x<5m:^j«?jS(D:^$$ i:^2 0|gS&lHlS&l2®m:^7i^^O 1 ^tt^m^ti-sm 
[0 0 4 5] 

[0 0 4 6] 

■5c 

[0 0 4 7] 

04 z.<Dmm(Dmm2Km^mmmm<Dmm.^m-tmmmx:&^. r^ng 
mm^vit. mi(D:^uyhs.^-m^i 0 ait. mm(Dmmnzm^mmmm 

:^^T r 7itiimM-^n^Zt.iZ^ U^^StlTVNSo 
[0 0 4 8] 

P N P h'^yi^T.^T r x(DK~:^ltPN P h^yV^^s^T r 0 (OZI U ^ ^\Z 
, ^liPN P h^>S:;;^.^T r 0(Z)^-;^{C-etl^tig^M^ti. nl/^^ 

li^^^i 4lc«?^$4xTVNS, 
[0 0 4 9] 

±^i^r^mm(7)mm nzm^mmm^xit. mmmMmhf^cDj^^f^h'^yi^' 
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[0 0 5 0] 
[0 0 5 1] 

N PN h^>t;:^^T r y (Z)/<-XtiN PN h^>i;?>^;5? T r a(Z)nU^^{C 

iil|2maf>5^^1 5 tC^^StlTVN^o l|2mM^l-5tC«. NPNh^>i; 
[0 0 5 2] 

3<z)NPN h^^s^'x^TT r ytf^^m^^n^^-y.mm.mmm^^mM^^ 

N h^>t;;;^^Tr a(D3l/^^«?^Ij.$:^£p«gfeIj.gflCjfit5J:tS-i:7&^T'^ 
[0 0 5 3] 

mr^-m^-^^upkiz. f^i(D:fju>h^^-m^i o a ©sji^ig® p n p 

[0 0 5 4] 

h^^-iiiii!&2 0 a (DM:^iz^- :^nmmm.m^^mH ^m^tht^fi^. 
m^izm-t^viz. m2(D^vy h^^-m^2 0 at^ii^izK-xmm^mmm^ 
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h ^ ^-05^ 1 0 a fdinzK- ^mm.mmmm^m» ^ ^ o izm^-t^z n^x^ 

[0 0 5 5] 

[0 0 5 6] 

2 0 b ^l7!)^^^^$tlT^^So 
[0 0 5 7] 

^KDiJl'y h^^-mi^l 0 bli, ^m<DNPN h^yt^y^'SXT r O—T r 
n+ 1 *^e>fi|^^SnTV^S. NPN h^>t;^^T r 0 1 ia8&{C>t4- 

liSb, ^fS[(Z)N PN.h^>i;;^^T r 1 ~T r n li;*:^0^(7)^I5[(Dl| 2 laSS&fcM 
/t^L, NPN b^>2;x^T r n+ 1 l±;*;|§^<D||3llIj^lcM/;S:-t-g>c 
[0 0 5 8] 

z:®l|l®;t;l/Vh^^-IlIJS&l 0 bT'li, 4^t5#NPN 
^:;>";^^T r O — T r n+ 1 li. i^SfilJlCEI 7 IC^-T^S, O^U, NPNh^> 

i^x^fT r 0 i)mmmizmm^^ 1 4 ^c-s3av^'Kg^ci^«$tl, npn 

i;x^$?T r n + 1 *^i^S6triCg^M^ 1 4 :;&^e>-#Jtv^^M^C@Bff StiTV>S. 
[0 0 5 9] 

^iJt^N PN h^>S;;^^T r O-'T r n+ 1 (^)#>^ <7)^- >^ li^BSlCg^^^ 
^lig^^i^^l 4 A^e3m®$tl;ti^iig^:%^-r > 1 7T'^j1{C^^$ 
tlTV>S„ rCDUl <Z);!j l/> h^^-E^l 0 b C^IOlg® N P N h^^i^X^^T 

[0 0 6 0] 

^m^<D h =^ y V 7. 9 T r n + l(Z)=i l^^ ^l±||2CD:?!j Ix^ h ^ ^-iaii!&2 0 
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[0 0 6 1] 

m2(D:^\yy h^^-'m^2 0 hit. PNPh^^i^X^TrailPNPh^ 
yt^X^T r h i:*^e>^m^tlTV%^„ PN P h^>>::;x^T r a(D^-X«=3 

r b<Z)^~>^liPN P h^yi^y^^T r a(Z)^-y^lC, n U^^^l±^^«§S 
m:^3§§^i 3fC, X ^ ^ liUjirxi^^ 1 1 tc^n^tx^MStiTVA^o 
[0 0 6 2] 

Z:<Z)PN P h^yPy^^T r hiZlt^ PN P h^>5;>^^T r a 
. PN P h^>>:;x^ T r a (C§S4x^«?5^®:^f6ji:|Hfl^T'^-S>c ^^^oT, PNP 

[0 0 6 3] 

±fH® J: e){C=if fig -5 EI PNPh^yVT.^ti'^NPNh^ 

yi^::^itizAtimt>^rc^ii^m-^it. mm<Dmmnz^^mmm^<Dmi^iim 

[0 0 6 4] 
[0 0 6 5] 
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■5c ' 

[0 0 6 6] 

(Dmi<D:^ l/> h^^-mS&l 0 hiZ, ^-X«^?g|iMiaS&i: LTN PN h^y 
[0 0 6 7] 

NPN h^yV7.^T r xCO^-XliNPN h^^i^^^T r 0(DZ2U^ ^iZ 
. ^itNPN h^yP^^^T r OCD^-T.iZ^tl'etimm^n. nl/^^ 

itm2mmt^^i 5{zmm-^nx\>^^. m2mm^^i sizit. NPNh^^t; 

:;^^T r 0(^)/<->;«iig$:MIR"r'5c?)lC^fjg:^«^;5^^*&StlSo 
[0 0 6 8] 

±7&i^r^mm(Dmm3iz^^mmm^xit. h^^a^i^^i^h^yv^^'Stxit. 
^- ::^mmtn u ^ ^mmzity<x^^/h-^\>^ti^io. ^-:^mm,^mui^xmm 

[0 0 6 9] 

ttc. m2<Dijiyy h ^^-m^2 0 cit. ±j^i.rcmm<Dmmsiz'm^mm 
m^<Dm2a)itjuy h^^-iai^2 o btc, ^~7.mmmm.mmiiLXPNP h 

[0 0 7 0] 

P N P S ^ > i/;^ ^Tr y(Z)^-XtiPNP h^>'i:/^^Tra(Z)=Il/^^tC 
, ^liPN P h T r a(Z)/^-;^{C-en^ng^M$4l, HU^^ 

[0 0 7 1] 
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[0 0 7 2] 
[0 0 7 3] 

±vKLr^mm(D^m4xit. m ©^j? h^^-mis&i 0 c^t>*m2 
:fy\yyh^^-m^2 0 c<DM:^izy<-:7.m^mmm^^mH^m^t.i^r^i!f^. 
mQiz^-t^^iz. m2(oiiuyh^'^-m^2 0 ctdHizr<-:;i,m^mi^m^ 

yv^=y-m^2 0 ctc.n\zK-:^nMmm.m^^WLn^^o\zm^Lx%^\i^ 

[0 0 74] 

^m\^m<Dij\yyv%=y-m^^Mos h^yv:K9xm^i'r=.^oyx^^. ^ 
&.yx\-t. mmo^'Bmi\zm^'t^m^\z\t.mmoij^mihn^m^^m^ 
xmm-f^o 

[0 0 7 5] 

01 ^^m(Dm:m<Djf^m^\z%^mmm^(Dnmtj^m^mm.^^-tmx 

feS, Z-CDmrnmrnt.. mKOi^jVyh^'^-m^l 0 6.hm2(D-)j\yyV^'y 

- 2 0 d i:7b^^«^$tlTV^^o 
[0 0 7 6] 

iii(Z)7!ji/>h^^-iod«. mmnmKijm^i 2\z^m'^n^x±nm 

y h ^ 1 0 d;^)^^®m;^«^5fE(^ 1 ottnz o^fj s ^ ^-[iig&2 0 d 

lC#^*&$tl-5o 112 (D;ii3 l/> ^-1111^2 0 d li, m h ^ 
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[0 0 7 7] 

J:y#L<li, mi<D;57L/> h^^-mSIl 0 dli. ^IgJt© P5^^ >4^;bMO 
Sh^yV:^^ il^AT. rpMO S h^>i:;>'X^j ^Vn^) Tr0~Trn+l 

ij^ibm^-^tix^^^o PMo s h^>^'^^T r 0 i,t:^nm<Dm I mmzMj^L 

. ^IfcOPMO S h^>^:;;^^T r 1~T r n li:*:|§^(D^i5C(^)|| 2 tUS&tC^^g: 
PMOS h^>i;>^^T r n + 1 li2fs:|§^(Z)|| 3 img&lcmt--5. 
[0 0 7 8] 

>i^':^^T r O—T r n+ 1 li, ifeSfi^JlCEI 1 1 {C:u^f otU. PMOS 

h'^yt^^T.^T r onjmmti^iznm^^i uc-#3av^^Mic@B®$ti, pmo 

S T r n + 1 t>^^m&5 izmMi^^ I 1 ^ #Mv^^S^CSHa$ 

[0 0 7 9] 

nm<DPMO Sh'yyVl^^Tr 0~T r n + 1 (D^^<D^- hltmS.Km^ 

tiTVN^p h^^-diii^i 0 d<z)ia^©PMOs h^yv^^ 

T r O0>?f- MiKl/>r >{Cg?^$nTVNS. 
[0 0 8 0] 

MII^CO h^>i;^"^^T r n+ 1 ® F 2 CD* U> h ^ ^-EII^ 2 0 

d {C^M^tlTVNSo cfr^OOPMOS h^>t;>>^^T r 1 ~T r nCD K b-Oli 

[0 0 8 1] 

l|2®:*b>'h^^-lHlg&2 0 dli, N^^y:^;vMO s h^ytyy^^ (J^T 
, rNMO S h^^i^'xa^J ^VNe>) T T a tNMO S h^yV7.iiT r h t.-fy' 
^^Ag$tlTVx-5„ NMOS h^>S^'::^^T r a(D^- h K U-f >{Cg^MS tl 

^fe, NMO S h'^yi:^^^T r h(D^'- hitNMO S h^yV^^T r 
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[0 0 8 2] 

Z(DNMO S h^>i?:^^T r blC«, NMO S h ^ > 2^':^ ^ T r a iHHglUC 
;^^$<D«^*^^4x-5o Z(Dm^. NMOS h^VS^X^T r b lC^iStl-5«g^© 

:&ini{i, NMO s h^yi:^:^^T r aiz^n^mm<Dys\^^m\^x$>^o '^-dX 

, NMOS h^^i^X^T r bti«|^$:iSVNjit?J;oJC#Mt--5<^T% Utt^^^R 
[0 0 8 3] 

_hS3<z)<ke){c«fi^$4x-5igi&[iii^<Di&'f^«, PNP K^>t;^^;^.^>a.t>*N PN s 

[0 0 8 4] 

v^ii^Mco:^ \yy h ^^-mm^Mo s h'yyv7.^xm^i^r=.ij(Dx&^o ^ 

[0 0 8 5] 

:r.(Dmmmmit. mi<D:fyuyh^^-m^ioetm2<Di3uyh^^ 

- 2 0 e h;()^e>«fi^$^lTV^So 
[0 0 8 6] 

mi<DiiUy h ^ ^-m!^ 1 0 elt. ^fS:®NMO Sh^yiyl^^TvO'^T 
rn+1 7b^e>fll^3 4xTVN^„ NMO S h^>i;^'X^T r 0 lt:^mB<D^ 1 
KMmi^. mn<DNMO S h^yi^Ts^T r l^T r n 2 EI 

mzMf^l;. NMO S h^>>:;x^T r n + 1 3 Hlj^lcMfS-r •& = 

[0 0 8 7] 

. Z.<Dm 1 (D:tilyy h ^^~m^l 0 exit. 1 4 J5:t;^NMO S h ^ 
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T r 0~T r n + 1 ^Sfi^tCH 1 2 fC:^-r^S, O^U, NMOS 
h^>t;:^:J?Tr 0 A^tfaa^lCgg;^)^^! 4 {C-^jfiVN-e^glCSBSSin, NMO 
S h^>S^'>^>^T r n + 1 ;b'?i^S6^lCg?:te5g^*^e>-#]^v>f£MlCiBg$tiT va 

So 

[0 0 8 8] 

^ll!((DNMO S N^>i;;?.^T r 0~T r n + 1 m^^a>>f- hliffiSlC^gg 
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